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Crush injury;
Myonephropathic syndrome;
Body-surfacethe correlation between body surface area (BSA) involved and CK level; correlation between BSA
injury and renal dysfunction to identify at risk patients.
Methods: Retrospective review of patients Tygerberg Hospital Trauma Service between January
2003 and December 2005 with a screening CK level >500 U/L. Data were captured on a proforma.
BSA was scored charting body surface bruising using a rule-of-nines. The study was approved by
the Departmental Research Committee.
Results: Three hundred and thirty-four records were reviewed. The majority (89%) were men,
mean age 30 years and average Revised Trauma Score 7.5 (SD = 0.35). Blunt trauma constituted
75%, combined 15% and penetrating injury 10%, with blunt force assault 64% of the total. CK of
>8500 U/L predicted renal failure (p< 0.01). BSA and CK correlated in the blunt group
(p< 0.01). Linear correlation was found between BSA and the development of renal failure
(p< 0.01) with BSA >18% predicting renal impairment. CK >5000 U/L had a worse outcome
compared with the CK= 500–5000 U/L, with higher peak urea (17.2 vs. 12 mmol/L) and peak cre-
atinine (2836 vs. 140 mmol/L) and rate of renal failure (20% vs. 8%).
The penetrating group included vascular injuries with increased CK due to ischaemia–reperfusion
injury but low BSA, due to mainly gunshot wounds (70%). Three patients (10%) developed renal
failure and had abnormal CK levels (range 538–32,540 U/L).
Conclusion: Screening CK accurately stratify patients at risk for myonephropathic syndrome.
Early aggressive ﬂuid loading can prevent renal failure. Adjunctive measures have not improved
outcome or decreased the need for dialysis. Patients sustaining vascular and severe extremity injury
from penetrating wounds may develop rhabdomyolysis and should be routinely screened with CK
levels, urea and creatinine.
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reserved.Introduction: Le syndrome d’e´crasement avec rhabdomyolyse et insufﬁsance re´nale peut eˆtre duˆ
a` une blessure majeure du tissue mou. Cette e´tude a examine´: le taux de creatine kinase (CK)
associe´ a` une insufﬁsance re´nale importante; le lien entre la surface corporelle ecchymose´e
(SCE) et le taux de CK; le lien entre la SCE et l’insufﬁcance re´nale pour identiﬁer les patients
a` risque.
Me´thodes: E´tude re´trospective de patients dans le service de Traumatologie a` L’Hoˆpital
Tygerberg entre janvier 2003 et de´cembre 2005 avec un taux de de´pistage de CK >500 U/L.
Un formulaire standardise´ de collecte de donne´es a e´te´ utilise´. La SCE a e´te´ calcule´e a` l’aide
de la ‘‘re`gle de neufs’’. L’e´tude a e´te´ approuve´e par le Comite´ De´partemental de Recherche.
Re´sultats: Trois cents trente-quatre dossiers ont e´te´ examine´s. La majorite´ a e´te´ constitue´e
d’hommes (89%), avec un aˆge moyen de 30 ans, et un indice re´vise´ du traumatisme (Revised
Trauma Score) moyen de 7.5 (E´T = 0.35). Le traumatisme contondant a constitue´ 75% des
cas, le traumatisme pe´ne´trant 10%, et le traumatisme combine´ 15%, avec assaut de force con-
tondante comprenant 64% du total. Un taux de CK >8500 U/L a prevu une insufﬁsance re´nale
(p< 0.01). La SCE et le taux de CK se sont trouve´s associe´s dans le groupe de traumatisme
contondant (p< 0.01). Une corre´lation line´aire a e´te´ de´couverte entre la SCE et le de´veloppe-
ment d’insufﬁsance re´nale (p< 0.01), avec une SCE de 18% pre´voyant une insufﬁsance re´nale.
Un taux de CK >5000 U/L a produit de pires re´sultats en comparaison avec des taux de CK de
500 a 5000 U/L, avec des taux de pointes d’ ure´e (17.2 vs. 12 mmol/L) et de cre´atinine (2836 vs.
140 mmol/L) plus e´leve´s, et un risque majeur d’insufﬁsance re´nale (20% vs. 8%). Le groupe de
traumatisme pe´ne´trant a inclu des le´sions vasculaires avec des taux de CK e´leve´s mais des SCE
minimes, ceci duˆ principalement a` des blessures par armes a feu (70%). Trois patients du goupe
pe´ne´trant (10%) ont de´veloppe´ une unsufﬁsance re´nale associe´e avec des taux de CK anormaux
(gamme 538-32540 U/L).
Discussion: Un taux de CK de de´pistage a ﬁde`lement stratiﬁe´ les patients par niveau de risque
de syndrome myonephropathique. Une administration e´nergique de ﬂuides intraveineux peut
pre´venir l’insufﬁsance re´nale. D’autre mesures comple´mentaires n’ont pas ameliore´ les re´sultats,
ni diminue´ la necessite´ d’effectuer l’he´modyalise d’urgence. Les patients atteints de le´sions vas-
culaires et de se´ve`res le´sions de membres dus au traumatisme pe´ne´trant peuvent de´veloper un
A crushing experience: The spectrum and outcome of soft tissue injury and myonephropathic syndrome 19syndrome myonephropatique et devraient subir un de´pistage de routine incluant les taux de CK,
ure´e, et cre´atinine.
ª 2011 African Federation for Emergency Medicine. Production and hosting by Elsevier B.V. All rights
reserved.What’s new:
 This study examined patients at admission with a liberal
screening policy and this is advised for all patients with a
suspicious history, compared to previous studies which
examined ICU patients only.
 Penetrating and blunt trauma groups both are associated
with high CK values and renal failure, although systemic
affects differ as does mortality.
 This study postulates the difference in renal and mortality
outcome between the ‘‘aerobic’’ and ‘‘anaerobic’’ injury
groups.
 Mannitol and bicarbonate of soda do not inﬂuence out-
come in this patient group.
African relevance:
 Africa harbours a ‘‘culture of interpersonal violence’’ and
blunt soft-tissue injury, as well as delayed presentation vas-
cular compromise, is not uncommon in given the ‘‘devil-of-
distance’’ to deﬁnitive care.
 A simple charting of a clinical picture (body-surface-area)
and a single biochemical marker of reasonable cost (CK)
will reduce the chance of renal failure through early identi-
ﬁcation of potential renal dysfunction patients, thus allow-
ing for timely referral to an appropriate level of care.Introduction
The crush (myonephropathic) syndrome was ﬁrst described in
1909 in the German literature following the earthquake in
Messina. In the Second World War, Bywaters and Beal ﬁrst
described several patients who were treated after being trapped
by debris during bombing raids in London during the Blitz.
Despite correction of haemodynamic instability, all the pa-
tients went on to succumb to acute renal failure in the days
that followed after their original injury.1–3 Myoglobin was sug-
gested as an important renal toxin as early as the 1940’s, be-
cause postmortem examination of these patients revealed
speciﬁc changes in the kidney with blood pigment obstruction
of the distal renal tubules.4
Crush injury and crush syndrome are not synonymous,
being deﬁned as follows: a crush injury is a direct injury result-
ing from crush, while crush (myonephropathic) syndrome is
the systematic manifestation of muscle cell damage resulting
from pressure or crushing with subsequent reperfusion.2
The severity of the condition is related to the magnitude
and duration of the compressing force, and the bulk of muscle
affected. The deﬁnition is not, however, dependent on the
duration of the force applied.2 Examples of this relationship
include the case of the patient whose legs are run over by the
wheels of a truck. In this case the force is large, but the dura-
tion is very short. At the other extreme, is the elderly patientwho has suffered a stroke, falls and lies in the same position
for hours, sustaining a crush injury to the areas of the body
on which the patient is lying. In this case the force is relatively
small, but crush syndrome may develop as a result of the pro-
longed period of pressure.2 Similar cases to this are described
as a result of drug overdose.5
Crushing injuries to the limbs, whether associated with di-
rect trauma or indirect compression, may result in renal fail-
ure. This syndrome results from the systemic effects of
rhabdomyolysis producing severe metabolic and electrolyte
abnormalities with either associated single or multiple organ
failure and although the majority of cases are related to limb
trauma, the syndrome is not conﬁned to injuries of the extrem-
ities, and other etiologies may be responsible.6,7
Sjambok (community-vigilante whipping) or blunt force as-
sault injuries in SouthAfrica arise both due to interpersonal vio-
lence and law enforcement.6,8,9 The original weapon was
constructed from ﬁrm leather or rhino hide roughly 1 m in
length, cylindrical in cross-section tapering to a ﬁne point. These
weapons produce extensive soft-tissue trauma, often without
any breach of skin continuity and concealment of the underlying
muscle destruction, without signiﬁcant ischaemia–reperfusion.
Severe assaultmay result in skin necrosis but again showing little
evidence of the extent of deep tissue damage.6
Rhabdomyolysis is a consequence ofmuscle injury; associated
with compartment syndrome, crush injuryand reperfusion injury.
Myoglobinaemia and myoglobinuria are consequences of rhab-
domyolysis. Findings are quantiﬁed by measuring plasma creati-
nine kinase (CK) levels. The threshold for signiﬁcant
rhabdomyolysis has been deﬁned as a CK level >500 U/L by
Brown et al.8
The clinical consequences include a spectrum of pathology,
ranging from asymptomatic increase of muscle enzyme levels
to life-threatening extreme enzyme increases, with electrolyte
imbalance and shock being responsible for a signiﬁcant per-
centage of acute renal failure in South Africa. Rhabdomyolysis
can clinically be suspected if any individual presents with a
tense oedematous painful limb, cola or rose’ coloured urine,
circulatory shock and metabolic acidosis.10
The principles in prevention of renal failure in rhabdomyol-
ysis are based on three strategies, namely: vigorous hydration
to maintain renal perfusion and promote dilution of myoglo-
bin; alkalization of the urine with bicarbonate to prevent myo-
globin precipitation in the renal tubules; and administration of
mannitol for a variety of effects including osmotic diuresis,
vasodilatation of renal vasculature and free-radical scavenging
effect. Despite the adequate rationale supporting the addition
of bicarbonate and mannitol to the therapy of such patients,
the clinical evidence is lacking and based only on small studies
with sample sizes ranging from 7 to 24 patients.8 Additionally
there appears to be two distinct types of myonephropathic syn-
drome – an anaerobic type associated with ischaemia–reperfu-
sion and an aerobic type without the typical reperfusion
cascade, as seen with community assault or diffuse blunt injury
(personal communication D.J.J. Muckart).
Table 1 Spectrum of pathology (n= 334).
Subgroup: mechanism of injury N CK (U/L) Peak serum urea (mmol/L) Peak serum creatinine (mmol/L) % Renal dysfunction
MVA 65 521–25,470 17.2 2836 20
Blunt and Combined 210 500–31,650 12 140 8
Other 25 685–24,160 10 125 5
Penetrating 34 538–32,540 25 498 8.8
20 W.A. Smith, T.C. HardcastleAims
At this facility CK levels are monitored routinely on critically
injured patients as well as individuals with signiﬁcant blunt
trauma to the limbs and torso. This enables review of a signif-
icant patient sample with evidence of rhabdomyolysis. This
study intends to determine: the level of creatinine kinase
(CK) associated with signiﬁcant renal dysfunction and whether
correlation exists between body surface area (BSA) involved in
the injury and CK level. Additionally the study intends to as-
sess if there is correlation between BSA injury and renal dys-
function to allow BSA as a prediction method.
Methods and materials
Tygerberg Hospital is a Level-1-equivalent Trauma Centre
within a South African University Hospital and receives large
numbers of trauma patients from a drainage area of approxi-
mately half of the Western Cape Province of South Africa.
During the study period starting 1st January 2003 and ending
31st December 2005 all patients presenting with signiﬁcant
blunt injury in keeping with a crush-type injury were identiﬁed
by retrospective chart review. Patients were included in the
study if the CK levels >500 U/L and the patient was admitted
(for more than 24 h) to the trauma service at the hospital. The
study was approved by the Department of Surgery Review
Committee for Post-Graduate studies.
At this institution CK level of >130 U/L is regarded as
abnormal; however this applies to myocardial injury. Based
on current literature a CK level >500 U/L is used as a
screening level as it is associated with signiﬁcant soft tissue
injury.8
Patients were managed per existing protocol: those with CK
levels <500 U/L and normal urea/creatinine level were dis-
charged, those with CK levels between 500 and 5000 U/L man-
aged in the short stay ward. Those with CK >5000 U/L were
admitted to the main trauma ward. Both of the latter sets of pa-
tients had ﬂuid and electrolyte management according to a writ-
ten protocol with ﬂuid loading and trend monitoring of urea;
creatinine and urine output. See Appendix A – Local Protocol.
Data were captured on a standard proforma:
Demographics Clinical features Laboratory data
Age Mechanism of injury Urea
Gender Body surface area (BSA) (%) Creatinine
Revised
Trauma Score
Complications Admission CKFig. 1 Patient after Sjambok assault.Data were analysed together with a health statistician using
Statistica 8.0 (Statsoft, Sandton, South Africa) using the
Spearman and Mann–Whitney tests.Results
A total of 334 patients’ records were reviewed, with 89% male,
a mean age of 30 years (SD = 6) and average Revised Trauma
Score of 7.5 (SD = 0.35). Three main mechanisms of injury
were identiﬁed: blunt (75%); combined blunt and penetrating
(15%) and penetrating alone (10%). The blunt trauma was fur-
ther subdivided into blunt force assault (64%), motor vehicle
collision (26%) (MVA) and other (10%) due to the difference
of concomitant injuries as well as outcome. The ‘‘other’’ group
included a small number of subjects who sustained blunt trau-
ma due to collapse of low walls in construction sites and home
improvements (see Table 1). There were no complications ob-
served in this group because the injuries were mostly minor
and did not involve a large BSA.
Blunt force assaults included Sjambok injuries (see Fig. 1)
and assault with a variety of sport (baseball bat, hockey stick),
garden tools (spade, rake) and building/construction imple-
ments (iron bars, wooden poles). They had an intermediate
incidence of renal dysfunction and a strong association with
BSA-involvement. The MVA group generally had the worst
outcome compared to both blunt force assault and the ‘‘other’’
blunt injuries, because they were more signiﬁcantly injured and
developed more major complications.
Of the thirty four (10%) patients included in the penetrat-
ing group (both stab and gunshot wounds), three patients
(8.8%) developed renal failure. All three required ICU admis-
sion, two required dialysis and two died. Death was due to
septic complications (pneumonia). In this group there was no
association with BSA involvement of the injuries.
The patient population was categorized in two groups:
Those with CK between 500 and 5000 U/L and those with
CK >5000 U/L. There were 261 patients (78%) who had
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>5000 U/L. The higher CK group (>5000 U/L) were from
the MVA sub group or the penetrating group. They were either
multiple-trauma patients with extensive soft tissue injury and
also concomitant solid organ injury as well as long bone frac-
tures. The penetrating group included mainly patients with a
vascular injury with ischaemia–reperfusion and compartment
syndrome. These patients subsequently required ICU-admis-
sion and dialysis much more frequently than the low CK
group. There was a linear correlation between CK and the
development of renal failure: a CK of >8500 U/L was associ-
ated with renal dysfunction/failure (see Fig. 2).
By using the rule of nines we calculated the body surface
area involved.11 We found a very good correlation between
BSA and CK in the blunt group but a poor correlation in
the penetrating and combined groups (see Fig. 3). We found
a linear correlation between BSA and the development of renalcomplications(Renal failure); LS Means
Current effect: F(1, 332)=63.679, p=<0.01 Mann-Whitney U p<0.01
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Fig. 2 CK correlation with renal failure.
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Fig. 3 Correlation offailure. A BSA >18% was associated with the development of
renal dysfunction/failure (see Fig. 4).
Overall, 83% of patients developed renal risk or injury
(RIFLE criteria)12 with raised urea and/or creatinine and nor-
mal output, however 17% required dialysis for oligo-anuria.
During the study period 18 (5%) patients died. Most patients
that died had multiple system trauma, required intensive care
admission, dialysis and developed multi-organ dysfunction
that led to their demise. This group of patients was from
mainly the MVA subgroup, except for two patients that were
from the penetrating group. The high-CK group (>5000 U/
L) had a worse outcome compared with the low-CK
(500–5000 U/L), with higher peak urea (17.2 vs. 12 mmol/L)
peak serum creatinine (2836 vs. 140 mol/l) and rate of renal
dysfunction/failure (20% vs. 8%). These higher than expected
creatinine levels are common with the diffuse aerobic crush
injuries seen with blunt force assault (see Table 2).e area:CK:   spearman r=0.25(p<0.01)
face area:CK:   spearman r=0.06(p=0.77)
ace area:CK:   spearman r=0.20(p=0.15)
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Fig. 4 Relationship between BSA and renal failure.
Table 2 Patients requiring dialysis.
N (renal
failure)
Mechanism Urea and
creatinine
(mmol/L)
Cause of death
and No.
59 Blunt trauma 17.2 and 2836 Multi-organ failureﬁ 16
3 Penetrating 17.4 and 626 Pneumonia/ARDSﬁ 2
8 Combined 8 and 100 No deaths
22 W.A. Smith, T.C. HardcastleOf the 73 patients in the high-CK group 35 patients (47%)
received bicarbonate and/or mannitol therapy, whereas the
rest did not. The two groups were similar, with no difference
in renal dysfunction/failure, with the exception that CK levels
>5000 U/L remained as an independent risk factor for renal
dysfunction/failure. The decision to administer mannitol or
bicarbonate was based on attending physician decision, which
may have been biased by time of presentation (late) or CK lev-
els (higher than usually seen).
Discussion
Rhabdomyolysis, the break down of skeletal muscle, results in
the release of free myoglobin into the systemic circulation. At
high serum concentrations, myoglobin precipitates in the kid-
ney, both through pigment glomerulopathy and obstructive
tubulopathy and may result in renal failure. This precipitation
is exacerbated by the acidic pH of the urine.13 Elevation of cre-
atinine kinase (CK) is seen in this disorder and its level has
been seen to correlate with the development of acute renal fail-
ure. In rhabdomyolysis, muscle cell death releases this enzyme
into the bloodstream.14
Similar to previous studies examining this condition, this
study is inherently ﬂawed by its retrospective design. In addi-
tion CK is used as a surrogate marker for myoglobin, which
is actually causing the renal damage. While both CK and myo-
globin have been proposed as markers for the severity of rhab-
domyolysis, CK has been proposed to be a more reliable
marker than myoglobin in assessing the presence and the
severity of damage to the muscles, because of its longer and
more consistent elevations.15 Others have advocated serum
myoglobin levels as more accurate, because of faster elimina-
tion kinetics than CK.16 No consensus exists in the literature
regarding which marker best identiﬁes rhabdomyolysis and
can be used to follow these patients. CK was used as a marker
for rhabdomyolysis because it is an easily obtainable labora-
tory test and at the time of this study urine myoglobin testing
was not available locally.
A liberal screening policy of measuring serum CK levels on
all blunt/signiﬁcant soft tissue injury admissions allows early
identiﬁcation and allows for accurate assessment of the inci-
dence of rhabdomyolysis. Prior to the work of Brown et al.8
the level of CK above which the risk of renal dysfunction/fail-
ure becomes signiﬁcant, was unknown. By dividing their pop-
ulation by peak CK and comparing groups to the entire
population, they identiﬁed a CK level >5000 U/L to be
associated with an increased risk of renal failure. This study
conﬁrmed this ﬁnding: the high CK group had a higher rate
of renal dysfunction (20% vs. 8%) and a slightly greater trend
toward the need for dialysis (2% vs. 1%) than the low-CK
group. This study found a CK >8500 U/L to associated with
renal failure, somewhat higher than that reported previously.8However, Oda et al.16 suggest that by simply using the
number of crushed limbs allows a more practical and immedi-
ate estimate of the severity of impending crush syndrome.
They demonstrated that crush injury to one extremity corre-
lates to a CK level of approximately 500,000 U/L, reﬂecting
the extent of underlying muscle damage. Crush to one, two
or three extremities led to an incidence of renal failure of
50%, 75%, and 100%, respectively. Oda’s patients included
mainly earthquake victims, with prolonged entrapment, who
sustained a greater amount of limb/torso musculoskeletal in-
jury due to the entrapment, which may explain the difference
from the local experience. By using the rule of 9’s, one can
more accurately determine BSA involvement, especially with
the diffuse blunt-force assault group.
Changes in serum creatinine are a standard, albeit surro-
gate, measurement to deﬁne and monitor progression of acute
kidney injury. However, a rise in creatinine is observed only if
marked damage to functional nephrons occurs; therefore it is
not a good marker for early disease. It is affected by age, lean
muscle mass and gender. A creatinine value of 60 mmol/L
could be normal for a body builder but in a frail old lady be
consistent with severe renal disease, hence creatinine is not a
reliable indicator of target management in a timely fashion.17
A need exists to develop early biomarkers for renal impairment
and N-acetyl-glucosamine, interleukin-18 and Cystatin C have
been trialed. Thus far Cystatin C (cysteine proteinase inhibi-
tor) has shown the greatest promise.18,19
Human Cystatin C, a basic low molecular mass protein
with 120 amino acid residues is freely ﬁltered by the glomerulus
and almost completely reabsorbed and catabolized by the
proximal tubular cells.20 These qualities make Cystatin C a
more reliable marker for glomerular ﬁltration compared to
creatinine. The biggest limitation is cost: a single Cystatin C
measurement costs 12 times that of a single creatinine measure-
ment. No study using Cystatin C instead of creatinine in an at-
tempt to predict renal dysfunction/failure more accurately in
crush syndrome has to date been reported.
The data under review demonstrate a very good correlation
between CK and BSA in the blunt injury group only and poor
correlation in the penetrating or combined groups. The limited
BSA that was involved in the two latter groups may explain
this ﬁnding. These ﬁndings concur with Knottenbelt, who in-
cluded BSA as one of the high risk factors for renal complica-
tions.9 The MVA group generally had multiple-system injury
that led to higher risk for renal failure and subsequently mul-
ti-organ failure. The presence of this type of soft tissue and
underlying muscle injury is due to direct trauma and is thus
a form of aerobic myonephropathy.
The penetrating injury group included mostly vascular inju-
ries with increased CK due to soft tissue/muscle injury, but low
BSA because of the limited external body surface area
involvement. Signiﬁcant rhabdomyolysis was deﬁned as a
CK >5000 U/L or higher.8 Three patients (10%) developed
renal failure and had abnormal range CK levels (range
538–32,540 U/L) and two patients (8.8%) developed signiﬁ-
cant rhabdomyolysis. Victims of penetrating trauma who sus-
tain vascular and extremity injury are at an increased risk to
develop signiﬁcant rhabdomyolysis due to direct soft tissue in-
jury and ischaemia–reperfusion, with a subsequent anaerobic
myonephropathy.
Brown et al.21 reported the ﬁrst large series investigating
rhabdomyolysis after penetrating trauma. They studied a se-
A crushing experience: The spectrum and outcome of soft tissue injury and myonephropathic syndrome 23lect severely injured population of penetrating patients admit-
ted to the ICU, which may falsely elevate the true incidence of
this condition associated with penetrating trauma. The present
study shares the same limitations of retrospective review, but
similar to Brown et al. does bring to light the fact that patients
with penetrating trauma, particularly those with vascular and
extremity injury, may develop signiﬁcant rhabdomyolysis.
The ﬁnding of a very good correlation with BSA and the
development of renal dysfunction/failure was consistent with
Knottenbelt’s observation.9
This conﬁrms the suspicion of signiﬁcant underlying soft
tissue/skeletal muscle injury associated with this type of injury.
This current study we found a BSA >18% to be consistent
with renal dysfunction.
While the use of solute-alkaline diuresis was limited in this
study, there remains controversy in the literature about its fea-
sibility in the management of crush syndrome. Brown et al.8
concluded that bicarbonate and mannitol does not prevent re-
nal failure, the need for dialysis, or mortality in patients with
CK levels <5000 U/L. They found that bicarbonate/mannitol
appeared to act as an independent risk factor for renal failure.
The current experience concurs, with early aggressive ﬂuid
loading the mainstay of treatment to prevent renal complica-
tions. Close clinical monitoring and regular review of ﬂuid bal-
ance is essential in these patients.2Conclusion
In regard to its effect on renal function, rhabdomyolysis result-
ing from the crush/myonephropathic syndrome is not qualita-
tively different from rhabdomyolysis associated with other
conditions. There is adequate evidence to advocate screening
CK’s to accurately stratify patients at risk for the myonephro-
pathic syndrome.
BSA was shown to represent underlying soft tissue/muscu-
lar injury the differences in BSA observed among our sub-
groups can be explained by the heterogeneity of our study
population. The MVA subgroup had not only high CK levels
but also elevated BSA involvement, because they had multi-
ple concomitant injuries. CK elevations and signiﬁcant
rhabdomyolysis are common after penetrating trauma result-
ing in renal dysfunction and the need for prolonged ICU
admission.21
Previous literature and current experience has demon-
strated that early aggressive ﬂuid loading potentially pre-
vents the need for dialysis. Based on current experience,
adjunctive measures (alkaline/mannitol administration) have
not proven to prevent morbidity, mortality or the need for
dialysis.
It is therefore recommended that critically injured penetrat-
ing trauma patients be routinely screened with CK levels and
treated with early and aggressive ﬂuid therapy, with potas-
sium-free ﬂuid, without the use of mannitol or bicarbonate
infusion. In cases of blunt trauma body surface area assess-
ment of bruising should be routinely documented.Conﬂict of interest
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Department of Statistics for his assistance with the statistical
analysis.Appendix A. Protocol for suspected soft-tissue injury
 All trauma admissions should be screened for possible
crush injury.
 Standard resuscitation according to the Advanced Trauma
Life Support (A.T.L.S.) principles is initiated.
 When clinical evidence suggests crush syndrome is likely
(dip-stick-haematuria and no cells on microscopy; tram-lin-
ing injuries after community assault; extensive blunt injury
with soft-tissue trauma or penetrating vascular injury/com-
partment syndrome):
s Screening CK level should be drawn.
s If < 500 U/L patients and urea/creatinine are normal:
discharge after standard care of other injuries.
s Patients with CK 500–5000 U/L are managed by
Trauma emergency centre staff by admission to the sh-
ort-stay ward and trend-check of repeated urea and cr-
eatinine after volume loading.
s Patients with CK >5000 U/L referred to the Trauma
Surgeon on call for admission to the Trauma ﬂoor for
ﬂuid loading and urea/creatinine trending as well as re-
nal replacement therapy when indicated.
Initial management consisted of intravenous ﬂuid therapy
with 0.9% Normal Saline (0.45% Normal saline when sodium
elevated) to achieve a urine output of 2–3 ml/kg/h, Those pa-
tients with normal biochemical and hematological values, a
normal urinary response after 24 h intravenous ﬂuid therapy
and repeat serum urea and electrolyte levels within normal lim-
its on two occasions, were discharged from hospital care.
Those patients with abnormal laboratory results or inappro-
priate urinary responses underwent central venous cannulation
todetermine intravascular volume status. Bicarbonate andman-
nitolwere given at the discretion of the attending surgeon.Refer-
ral to the Nephrology Service if progressive deterioration in
renal function as evidenced by increasing serum urea, creatinine
and potassium values, or a rising central venous pressure in the
presence of oliguria with clinical deterioration were noted. Dial-
ysis was provided as required by the nephrology service.
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